Methylation of cytosine residues within the CpG dinucleotide in mammalian cells is an important mediator of gene expression, genome stability, X-chromosome inactivation, genomic imprinting, chromatin structure, and embryonic development. The majority of CpG sites in mammalian cells is methylated in a nonrandom fashion, raising the question of how DNA methylation is distributed along the genome. Here, we focused on the functions of DNA methyltransferase-3b (Dnmt3b), of which deregulated activity is linked to several human pathologies. We generated Dnmt3b hypomorphic mutant mice with reduced catalytic activity, which first revealed a deregulation of Hox genes expression, consistent with the observed homeotic transformations of the posterior axis. In addition, analysis of deregulated expression programs in Dnmt3b mutant embryos, using DNA microarrays, highlighted illegitimate activation of several germ-line genes in somatic tissues that appeared to be linked directly to their hypomethylation in mutant embryos. We provide evidence that these genes are direct targets of Dnmt3b. Moreover, the recruitment of Dnmt3b to their proximal promoter is dependant on the binding of the E2F6 transcriptional repressor, which emerges as a common hallmark in the promoters of genes found to be up-regulated as a consequence of impaired Dnmt3b activity. Therefore, our results unraveled a coordinated regulation of genes involved in meiosis, through E2F6-dependant methylation and transcriptional silencing in somatic tissues.
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DNA methylation | immunodeficiency | centromeric instability | facial anomalies | E2F family | hypomorphic mutation | hox genes M ethylation of cytosines, predominantly within CpG dinucleotides, is a key epigenetic mark of vertebrate DNA (reviewed in ref. 1). The reaction is catalyzed by a family of DNA methyltransferases (DNMT), among which DNMT1 is specialized in the maintenance of DNA methylation patterns after DNA replication, whereas DNMT3A and DNMT3B are responsible for the de novo establishment of methylation during development and gametogenesis (review in ref.
2). CpGs are not evenly distributed across the genome, with regions of high CpG density, known as CpG islands, mainly localized at promoters and transcriptional start sites. Yet, genome-wide analysis of DNA methylation in human cells revealed that the majority of CpG islands at promoters are unmethylated in normal cells. In contrast, germ-line-specific genes, imprinted or X-linked genes, as well as repetitive DNA, are methylated in somatic cells (3) (4) (5) (6) (7) .
The recruitment of individual DNMT to different genomic regions in vivo, particularly to gene regulatory regions, and the establishment of intact genomic methylation patterns in development, is known to require the interaction of regulatory factors. DNMT3L, which lacks the conserved catalytic domain characteristic of cytosine methyltransferases, is necessary for maternal methylation imprinting, possibly by interacting with and stimulating the activity of DNMT3A and DNMT3B (8, 9) . LSH, a protein related to the SNF2 family of chromatin-remodeling ATPases, is required for efficient DNA methylation in mammals, especially at centromeric repeats (10, 11) . Sequence specificity during developmental or lineage choice is thought to result from interactions between DNMT and transcription factors that would target methylation to specific DNA sequences in gene regulatory regions (12) (13) (14) (15) .
DNA methylation is essential for mammalian development, as revealed by the lethality of DNMT deficiencies in mice (16, 17) . DNA methylation is generally associated with a repressed chromatin state and the inhibition of promoter activity (reviewed in refs. 18 and 19) . However, less is known about other functions in developmentally regulated gene expression and genome integrity. In turn, alteration of DNA methylation patterns is a hallmark of several human diseases, including cancer, thus revealing the crucial role of DNMT in normal physiological processes (reviewed in refs. 20 and 21) . Notably, global hypomethylation causes inappropriate expression of certain sequences, like genes that are normally restricted to germ cells, leading to their classification as cancer-testis genes (22) . Hypomethylation also affects repetitive sequences associated with enhanced chromosomal instability (23) . Recent data show that deregulated expression of DNMT3B in cancer cells can contribute to tumorigenesis (24) (25) (26) (27) . Another interesting case is the ICF syndrome (Immunodeficiency, Centromeric instability, Facial anomalies; OMIM #242860), a genetic disease arising from germ-line mutations within the DNMT3B gene (28, 29) , also characterized by hypomethylation of satellite DNA and chromosomal instability (30, 31) .
Given the close connection between DNMT3B dysfunctions and human diseases, we decided to shed light on the genes that are potentially directly regulated through DNMT3B-mediated DNA methylation, and on the molecular mechanisms that target Dnmt3b to specific genomic sequences. In the mouse, it is known that centromeric minor satellite DNA repeats are specifically methylated by Dnmt3b but not by Dnmt3a (17, 32) . However, little is known about the discrete genes, expression of which could be silenced through Dnmt3b-mediated DNA methylation.
Microarray analysis of deregulated expression programs, in the hypomorphic Dnmt3b mutant mice we generated and described here, combined with an analysis of the molecular mechanisms involved in the illegitimate activation of a specific set of genes, revealed the existence of a functional interplay between Dnmt3b and the transcriptional repressor E2F6 in the methylation of several germ-line-specific genes and their normal transcriptional repression in somatic tissues.
Results
Dnmt3b Hypomorphic Mutant Mice Exhibit Homeotic Transformations. Because Dnmt3b knockout is lethal early in embryonic development, we generated hypomorphic Dnmt3b mutant mice to explore its role in both development and transcriptional silencing. We focused on compound heterozygote mice (mEx3/ mEx24) (Fig. S1) , with a particular combination of mutations that exists in the human DNMT3B gene, in patients affected by ICF syndrome (28) . We provide evidence, detailed in SI Materials and Methods, that the hypomorphic Dnmt3b mutant mice present the expected molecular features that strongly reflect an alteration in Dnmt3b functions (Figs. S1 and S2). In particular, Dnmt3b mutant mice show hypomethylation of centromeric minor satellite repeats ( Fig. S3 C and D) . This finding is in contrast to major satellite repeats that remain methylated despite the mutation (Fig. S3 E and F) , but is consistent with minor satellite DNA being a specific target of Dnmt3b (17) .
Heterozygote mice mEx3/WT and mEx24/WT appeared undistinguishable in size from their WT littermates. In contrast, compound heterozygotes mEx3/mEx24 mice were smaller compared with control littermates of the same age (Fig. 1A) . To further analyze phenotypic defects in Dnmt3b compound heterozygotes, we stained the skeleton of 5-month-old mice with alizarin red to reveal skull and skeleton anomalies ( Fig. 1 B and  C) . In contrast to WT or mEx3/WT littermates, compound heterozygote mice exhibited a shorter nose, a larger distance between the terminations of coronal suture on the frontal bone, and a larger interparietal bone (Fig. 1B and Fig. S4A ). The frontal bone of mEx3/mEx24 mice is enlarged, resulting in a dome-shaped head with abnormal coronal suture morphology (Fig. 1B) . More interestingly, morphological defects also affected the axial skeleton, which exhibited posterior homeotic transformations (Fig. 1C) . We observed two types of transformations, coexisting in some mice, consisting in a transformation of the thoracic vertebra T13 into a lumbar vertebra L1, characterized by the absence or shorter floating ribs, and a transformation of the lumbar vertebra L6 into the sacral vertebra S1, characterized by its association with the iliac bones ( Fig. 1C and Fig. S4B ).
Thus, analysis of developmental defects in the hypomorphic Dnmt3b mutant mice revealed not only severe defects of the skull, but also posterior transformations. Such alterations often result from the deregulated expression of Homeotic genes, key players in establishing positional identity along the antero-posterior axis. RT-PCR analysis of Hoxa11 and Hoxa13 mRNA levels confirmed a deregulated expression of these genes in mEx3/ mEx24 murine embryonic fibroblasts (MEF) compared with WT MEF, consistent with their role as global regulators of the lumbosacral region of the axial skeleton (33) and the aforementioned homeotic transformations resulting from Dnmt3b impaired activity (Fig. 1D) .
Taken together, our data provide in vivo evidence for a major role of Dnmt3b in the development of axial skeleton.
Expression Profiling in Dnmt3b Mutant Embryos Reveals Illegitimate
Activation of Germ-Line Genes. Centromeric minor satellite DNA is preferentially methylated by Dnmt3b (17) (Fig. S3 C and D) . However, little is known about genes silenced through Dnmt3b targeting to regulatory regions. To identify other potential Dnmt3b target genes, we examined deregulated expression programs in cells deficient for Dnmt3b activity by microarray analysis. We compared the expression profiles of mEx3/mEx24 and WT 18.5 days post coitum (dpc) embryos in the thymus, an organ that shows the highest Dnmt3b protein expression levels at this stage of development (Fig. S3B) . We predicted that a subset of genes would be up-regulated in mutant relative to WT embryos as a direct consequence of DNA hypomethylation.
Microarray expression profiling identified 25 genes that were up-regulated in mEx3/mEx24 thymus compared with WT thymus (fold >1.2 and P < 0.001) as a consequence of reduced Dnmt3b activity in compound embryos (Fig. S5) . Thirteen of these genes were confirmed to be up-regulated in a DNA microarray analysis of mEx3/mEx24 MEF compared with WT MEF (shaded in Fig.  S5 ). Gene ontology analysis of transcript profiling data revealed an overrepresentation of genes normally expressed in testis (21/ 25; P = 7.08e-03) (Fig. S5 ). Out of these 25 genes, 17 contained CpG-rich regions in their promoter (68%) (Fig. S6 ). In addition, transcription factor binding sites for retinoid-X receptor (RXR), zinc binding protein (ZBP), early-growth-response (EGR), and E2F families of transcription factors were identified in about 85% of these 25 promoters (Fig. S7A) , with an occurrence higher (odds ratio > 1) than in all of the promoters of the mouse genome (extracted from Genomatix), suggesting common pathways for the regulation of these genes.
We chose to focus our study on the unexpected set of germline-specific genes showing illegitimate expression in both MEF and thymus derived from Dnmt3b mutant embryos (in bold in Fig. 2A and Fig. S5 ). RT-PCR analysis of Maelstrom, Slc25a31, Syce1, Ddx4, and Tex11 mRNA confirmed that expression of these genes was undetectable in WT somatic tissues, whereas it was activated in MEF and the thymus, but also in the majority of tested tissues derived from mEx3/mEx24 embryos at 18.5 dpc (Fig. 2B, Left) . Interestingly, these five genes were not activated in control mEx3/WT littermates, in which one allele of Dnmt3b still encodes a normal protein. The promoter region of these five genes contains a CpG-rich region (Fig. S6) , strongly suggesting that illegitimate activation in somatic tissues most likely results from impaired methylation at their regulatory regions. Treatment of WT MEF with the demethylating agent 5-azacytidine (AZA) for 4 d was sufficient to activate the expression of all five germ-cell-specific genes.
These data demonstrate, as suggested in previous studies (34) (35) (36) , that DNA methylation has a dominant role in the silencing of germ-line genes in somatic cells.
Germ-Line Genes Are Direct Targets of Dnmt3b in Somatic Tissues.
We examined global methylation of the proximal promoter region of the five selected germ-line genes by methylation-sensitive restriction enzyme-coupled PCR assay (MSRE), using the methylation-sensitive HpaII and HhaI enzymes for which several restriction sites reside in the proximal promoter region of the considered genes (Fig. S8A) , and by genomic bisulfite sequencing assay in the thymus from WT and mEx3/mEx24 18.5 dpc embryos (Fig. 3A) . In MSRE experiments, amplification of a promoter region using specific primers is permitted if the restriction sites are methylated and not cleavable. The Xlr amplified region, which does not contain HpaII/HhaI restriction sites, was used as an uncleavable control. This assay showed that the promoter regions of Maelstrom, Slc25A31, Ddx4, and to a lower extent, the promoters of Tex11 and Syce1, which contain far fewer restriction sites, clearly contained methylated restriction sites in untreated somatic compared with AZA-treated cells (Fig. S8A) . Similarly, these promoter regions were not cleaved in WT MEF, thymus, or carcasses isolated at 12.5 and 18.5 dpc, consistent with their silencing through DNA methylation. In contrast, an alteration in the methylation of CpG sites residing in HpaII/HhaI sites was observed at the promoters of germ-line genes in mEx3/ mEx24 tissues, indicative of a loss of methylation in mutant embryos (Fig. S8A) . To confirm and quantify the methylation status observed by MSRE, genomic bisulfite sequencing was used, examining the same CpG regions in the proximal promoters of the five selected genes. After genomic bisulfite sequencing analysis, we found almost complete methylation of the proximal promoter regions in WT thymus and marked loss of CpG methylation in thymus isolated from mEx3/mEx24 embryos (from 56% for Maelstrom and Tex11 to over 75% for Slc25A31, Syce1, and Ddx4), for all five genes analyzed (Fig. 3A) . ChIP analysis using antibodies against Dnmt3b to precipitate chromatin prepared from WT and mEx3/mEx24 MEF clearly demonstrated the occupancy of their proximal promoter by Dnmt3b in both WT and mutant embryos (Fig. 3B and Fig. S8B ). This result also indicates that loss of methylation in the promoter region of the germ-line genes in mutant mice is not the result of a mislocalization of the mutated Dnmt3b protein, but rather, because of an alteration of its activity.
Together, these data revealed that silencing of germ-linespecific Maelstrom, Slc25a31, Syce1, Ddx4, and Tex11 genes in somatic tissues is driven by common mechanisms involving the catalytic functions of Dnmt3b.
Dnmt3b-Mediated Silencing of Germ-Line-Specific Genes Requires E2F6 Binding to Their Proximal Promoter. How de novo DNMT are recruited to specific genomic regions is still unclear, but is assumed to require binding partners. Notably, the chromosomal location of deregulated genes in Dnmt3b embryos is distinct, indicating that their deregulation is not likely to result from a wide effect of the mutation on a particular region of the genome ( Fig. 2A and Fig. S5 ). As mentioned above, in silico analysis of the proximal promoter regions of the 25 up-regulated genes led to the identification of consensus binding sites for several families of transcription factors, at higher occurrence than expected (Fig. S7A) . Although the impact of these families of transcription factors on the recruitment of Dnmt3b to promoters of germ-line genes deserves further investigation, we specifically focused on the E2F family of transcriptional regulators because, strikingly, homeotic transformations found in Dnmt3b compound heterozygotes mice (Fig. 1C ) are reminiscent of transformations described after invalidation of one of its members, the transcriptional repressor E2F6 (37). More importantly, among the E2F family members, E2F6 was predicted to have specific binding sites in 16 out of the 25 genes, an occurrence 10-times higher than that found in the promoters of all mouse genes (Fig. S7B) . In addition, among the genes we have identified as potential Dnmt3b target genes, Slc25a31 and Hoxa11 were already known to be targeted and repressed by E2F6 (38, 39) . We therefore focused on this particular factor and investigated the interplay between the transcriptional repressor E2F6 and Dnmt3b in the silencing of germ-line genes in somatic tissues. Importantly, levels of E2F6 mRNA was unaltered in Dnmt3b mutant cells (Fig. S8E) , and proximal promoters of the tested genes were occupied by the transcriptional repressor E2F6 in WT cells, except for Ddx4, as revealed by ChIP assays (Fig. 3B  and Fig. S8C ). We first confirmed the activation of Slc25a31 in E2F6 −/− tissues ( Fig. 3C and Fig. S8D ). We then found that Maelstrom, Syce1, and Tex11, but not Ddx4, were activated in E2F6 −/− tissues ( Fig. 3C and Fig. S8D ), therefore revealing the loss of their silent state in both E2F6 null and Dnmt3b hypomorphic mutant embryos. We then investigated whether E2F6 could recruit Dnmt3b to repress the expression of germ-line target genes. We first showed that exogenous E2F6 and WT or mutated Dnmt3b proteins could be coimmunoprecipitated from transiently transfected cells (Fig. 4A, Upper) . We found that endogenous E2F6 and Dnmt3b belonged to the same insoluble subnuclear fraction of primary MEFs, from which they can be coimmunoprecipitated (Fig. S9A) , and that the mutation in the catalytic domain of Dnmt3b (Dnmt3bm24) did not disrupt their interaction (Fig.  S9B) . ChIP experiments were then performed from WT and E2F6 −/− cells using Dnmt3b or E2F6 antibodies. These experiments confirmed that the already known E2F6 target gene, Slc25A31 (38), was efficiently and specifically amplified from the precipitated chromatin of WT cells, and further revealed that Dnmt3b targeting to the germ-line genes was lost in E2F6 −/− cells (Fig. 4B) . Ddx4, which is not targeted by E2F6 (Fig. 3B) and the expression of which is unaffected in the absence of E2F6 (Fig. 3C ), served as a control to show that, in that case, the absence of E2F6 did not perturb the binding of Dnmt3b to its target germ-line genes (Fig. 4B) . Thus, these data provide strong evidence that Dnmt3b is recruited through E2F6 interaction to mediate the silencing of Maelstrom, Slc25a31, Syce1, and Tex11 germ-line genes.
Taken together, these data suggest that E2F6 binding is crucial for the maintenance of Dnmt3B-mediated DNA methylation and silencing of certain germ-line-specific genes.
Discussion
We reported here that mutations known to impair Dnmt3b DNA methyltransferase catalytic activity result in homeotic gene deregulation associated with skeleton posterior transformations, as well as in the illegitimate expression of germ-line-specific genes in somatic cells. We provide evidence that targeting of Dnmt3b to the promoter region of these germ-line genes and maintenance of their silent state in somatic tissues requires the transcriptional repressor E2F6. Together, our data add a unique example of coordinated gene regulation, whereby genes involved in the same pathway, namely meiosis, contain a common transcription factor-binding site in their promoter, which serves as a sequence-specific factor for recruitment of DNA methylation and maintenance of their silencing in somatic cells.
The Dnmt3b hypomorphic mutant mice we generated exhibit growth defects, skull anomalies, high rate of mortality at birth, and hypomethylation of minor satellite sequences, similar to what was observed in a previously described mouse model (40) . However, a deeper analysis of the skeleton revealed severe skull defects and posterior homeotic transformations that often reflect Hox genes deregulation (33) . We confirmed a significant up- −/− MEF, using Dnmt3b-and E2F6-specific antibodies, followed by RT-PCR analysis using primers amplifying segments in the proximal promoters of the indicated genes. IN, input. regulation of Hoxa11 and Hoxa13 transcripts in Dnmt3b mutant mice that may account for the observed transformations. Indeed, Hoxa10-13 expression has been linked to the establishment of the thoracic and lumbar vertebrae identity (33) . Likewise, a recent study highlighted the implication of LSH protein in the control of DNA methylation and silencing of other Hox genes, Hoxa5-7, during development (41) . Therefore, although it may implicate distinct coregulatory factors at different stages of development, DNA methylation is likely to participate in the spatiotemporal regulation of homeotic genes. Germ-line-specific gene expression is typically restricted to germ cells, but is also illegitimately activated in a wide range of human tumors (22) , and as shown in our study, in somatic cells with impaired catalytic activity of the murine Dnmt3b DNA methyltransferase. The proximal promoter of these genes appears to be methylated and occupied by Dnmt3b in normal somatic cells, consistent with their silent state in these cells. In contrast, mutations that impair Dnmt3b catalytic activity do not affect the ability of Dnmt3b to bind to promoters of germ-line genes, but result in their hypomethylation and subsequent aberrant activated transcription. Other examples exist in which DNA methylation was shown to be necessary to prevent inappropriate expression of this class of genes (34) (35) (36) . We have now demonstrated that silencing of a subset of germ-line genes in somatic tissues requires Dnmt3b catalytic activity.
How the various DNMT are directed to specific genomic sites in vivo is not well understood. Molecular mechanisms may include direct interactions between DNMT and diverse regulatory factors, as well as the involvement of histone-modifying enzymes, and proteins involved in the biogenesis of small RNA (42) . In addition, DNMT have been shown to interact with transcription factors, the innate specificity of which for defined DNA sequences could participate in the preferential targeting of DNA methylation to specific gene promoters (15) . Our analysis of the proximal promoters of deregulated germ-line genes following impaired Dnmt3b catalytic activity allowed the identification of putative signature motifs for Dnmt3b target genes, with an over representation of binding sites for E2F6 factor. We confirmed that the germ-line genes we identified as Dnmt3b target genes were also E2F6 target genes. Of note, and in agreement with gel-shift data (43) , promoters of these genes are occupied by E2F6 in WT cells, indicating that E2F6-mediated DNA methylation and silencing does not prevent its binding. Coherent with this factor's involvement in transcriptional repression, we report that repression of Dnmt3b-target germ-line genes in WT cells requires E2F6 binding to their regulatory sequences. This adds unique target genes to the previously reported germ-line genes that are derepressed in somatic tissues as a consequence of invalidation of E2F6 in mice (38, 44, 45) . Importantly, binding of E2F6 is required for Dnmt3b binding to the promoter region of these germline genes, as well as essential to maintain their silent state, in four of five Dnmt3b target germ-line genes, providing evidence that these genes are silenced in somatic cells through a Dnmt3b-dependant DNA methylation, through recruitment by the E2F6 transcriptional repressor. The functional in vivo interaction between Dnmt3b and E2F6 provided here confirms the previously reported specific partnership between E2F6 and Dnmt3b, but not Dnmt3a, in cell-free systems (15) .
DNA methylation may not be a general or a dominant mechanism involved in E2F6-mediated gene silencing, in agreement with the reported DNA methylation-independent silencing of the E2F6 target STAG3 gene (44) . Other previously identified E2F6 target germ-line genes tend to be up-regulated in our microarray analysis, although with a less significant P value, probably indicative of the variability of their deregulated expression among embryos. Alternatively, silencing of a subset of germ-line genes might require a different DNMT, such as Dnmt1, shown to be implicated in silencing of a specific set of germ-line genes (35) . However, our data support a role for the E2F6 transcription factor as a platform for the recruitment of Dnmt3b-mediated DNA methylation at germ-line genes. In addition, our data show that both E2F6 and Dnmt3b are strongly associated with chromatin, and specifically recruited to gene promoters that need to be maintained as methylated in nongerm cells. As suggested earlier (46, 47) , the de novo DNMT Dnmt3b, in complex with E2F6 in the particular case of germ-line genes could be involved in maintenance of gene silencing at genes that need to be permanently methylated and repressed in somatic cells.
The association between DNA hypomethylation and disease is well recognized in the case of cancer and the genetic ICF syndrome (23, 30) . The functional deregulation of DNMT3B seems to play a central role in these pathologies, as suggested by the striking similarities at the molecular level between cancer cells and cells derived from ICF patients. Indeed, elevated expression of truncated catalytically inactive splice variants of Dnmt3b has been described in many cancers and associated with the typical centromeric hypomethylation and chromosomal instability (24) (25) (26) , similar to what has been described in ICF patients (23) . In addition, aberrant activation of germ-line genes has been described in different types of tumors (22) and, as reported here, in a mouse model with hypomorphic Dnmt3b mutations characteristic of mutations described in ICF patients. Similarly, aberrant expression of some germ-line genes was found in lymphocytes from patients affected by ICF syndrome (48, 49) . Although a potential predisposition of ICF patients to cancer is still under investigation, the classification of some germ-cell genes as cancer-testis genes raises the question of their role in oncogenesis. Interestingly, Slc25a31, Syce1, Tex11, and Ddx4 genes have been implicated recently, by loss or gain of function experiments, in DNA repair processes (50) (51) (52) (53) . In addition, aberrant expression of meiosis-specific genes can lead to mitotic catastrophe (22) . Along the same lines, we have shown in a previous work that deregulated transcription of centromeric minor satellite repeats, associated with their hypomethylation, could lead to aberrant chromosome segregation and aneuploidy (54) . Thus, it appears that the potential contribution of aberrant transcription of centromeric repeats or meiotic genes, as a consequence of DNA hypomethylation to chromosome instability, represents a promising field of investigation.
In essence, our data will lay the ground for further studies on elucidating the function of Dnmt3b in the context of maintenance of germ-line gene silencing in somatic cells, in normal and disease situations.
Materials and Methods
Generation of Dnmt3b Mutant Mice. Dnmt3b mutant mice were generated at the Mouse Clinical Institute -Institut Clinique de la Souris facility, Illkirch, France (http://www-mci.u-strasbg.fr). Details are provided in SI Materials and Methods.
Cells, Plasmids, and Antibodies. Primary cells, cell lines, plasmids, and antibodies used in this study are listed in SI Materials and Methods.
Preparation of RNA, cDNA, and Genomic DNA. Nucleic acids were extracted using standard procedures detailed in SI Materials and Methods.
Microarray. For transcriptome analysis, microarrays with 24,109 spotted mouse oligonucleotides were used (55) and hybridized with RNA extracted from mutant or WT embryonic thymus at 18.5 dpc or MEF isolated from 12.5-dpc embryos. The detailed procedure and the Web sites of the different software and databases used for the analysis are provided in SI Materials and Methods.
Skeleton Staining. Emptied carcasses of adult mice were fixed in 70% ethanol (48 h ) and acetone (48 h ) and the remaining tissues were digested in 1% NaOH and 2 mL of Alizarine red saturated solution during a period of 24 h. Carcasses were washed once in 1% NaOH and successively placed over 4 weeks in 0.1% NaOH solutions with increasing glycerol concentration (from 10 to 50%).
Analysis of DNA Methylation. Analysis of DNA methylation was performed using classical procedures, by genomic bisulfite sequencing or MSRE, followed by Southern blot analysis in the case of repetitive DNA or PCR in the case of unique gene. Detailed procedures are provided in SI Materials and Methods.
ChIP, Immunoprecipitations, and Western Blot Analysis. Nuclei were isolated as previously described (56) from MEF cells after cross-linking with 1% formaldehyde for 10 min at room temperature for ChIP analysis. Detailed procedures are provided in SI Materials and Methods.
